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Development for a Parallelized CFD Code - ADCS* 
 

Zhong LEI*1 and Yasunori NAGATA*2 
 

Abstract 
ADCS (Aero-Dynamic Computational System), which is a CFD (Computational Fluid Dynamics) solver 

to simulate flow using Multi-block technique, was developed. Parallel programming with MPI library was 
utilized to achieve high performance and obtain applicability for large-scale aerospace problems. The ADCS 
solves the time-dependent conservation law form for the Reynolds-Averaged Navier-Stokes (RANS) 
equations on structured grids. The finite difference method is used for spatial discretization. Several 
turbulence models are available. The reduction of memory usage was achieved by modified data structure 
with a new feature of Fortran 90 language. The parallelized code was verified and its performance was tested. 
It shows that the code is efficient to conduct large-scale computations by using MPI parallelization. Several 
test cases were conducted to validate the numerical accuracy and test performance for parallel computational 
system. 

Keywords: CFD, parallel programming, multi-block, Reynolds-Averaged Navier-Stokes equations, 
turbulence model 
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4.4 DLR-F6  
AIAA American Institute of Aeronautics and Astronautics

3rd Drag Prediction Workshop[13] DLR-F6
ADCS CFD

UPACS Unified Platform for Aerospace Computation Simulation [14]

SA  
DLR-F6 FX2B

0.1454[m2] MAC 0.1412[m] 1.1713[m]
X=0.5856[m]

MAC 150
0.75 1.0[deg.] MAC 5.0 106 322.222[K]

3 Coarse Medium
Fine  20 Medium

222
Y/S=0.411  21  

6 1 1
Coarse Medium Fine y+

2.5 1.5 1  22 ADCS
Coarse 35,000 Medium

51,000 Fine 66,000 3
1

 
3 SA

 7 CL CD CM CD,p CD,f L/D
Medium SA UPACS ADCS

8 0.1% 7 2.1%
0.0020 1.5% 0.34 1.9% Medium

ADCS UPACS CL 100 1.7%
CD 1 0.3% CM 0.0080 6.0%

CD CD,p

6 2.9% CD,f 5 4.0% UPACS
ADCS CL L/D 0.25 1.4%

DLR-F6 UPACS ADCS CL

CD,f  
3 SA

Cp UPACS  23
UPACS

ADCS UPACS
Cp  24

UPACS

ADCS UPACS  
 25  26 4 Y/S=0.15

0.239 0.331 0.377 Y/S=0.411 3 Y/S=0.514 0.638 0.847
8 Y/S=0.15
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Medium Medium Fine
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(a) Coarse  

  

(b) Medium  

  

(c) Fine  
 21  DLR-F6  

Y/S = 0.411  
 

 6  DLR-F6  

  [106] 1  [mm] 
Coarse 3.1 47,000 0.00060 

Medium 9.8 100,000 0.00040 
Fine 29.8 209,000 0.00027 
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 7 SA DLR-F6 =1.0[deg.]  

  CL CD CD,p CD,f CM L/D 
ADCS Coarse 0.5861 0.0334 0.0208 0.0126 -0.1305 17.55
ADCS Medium 0.5860 0.0329 0.0205 0.0124 -0.1318 17.82
ADCS Fine 0.5853 0.0327 0.0204 0.0123 -0.1325 17.89

UPACS Medium 0.5966 0.0330 0.0211 0.0119 -0.1397 18.07
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(a) ADCS Coarse SA =1.0[deg.] (b) ADCS Medium SA =1.0[deg.]

  

(c) ADCS Fine SA =1.0[deg.]  (d) UPACS Medium SA =1.0[deg.]
 23 Cp  
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(a) ADCS�Coarse���SA�����=1.0[deg.]	 (b) ADCS�Medium���SA�����=1.0[deg.]	

(c) ADCS�Fine���SA�����=1.0[deg.]	 (d) UPACS�Medium���SA�����=1.0[deg.]	

 24� �������Cp���������
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4.5 JAXA NEXST-1 

JAXA NEXST-1
National Experimental Supersonic Transport ADCS

[15] UPACS CFD [16,17]
Spalart-Allmaras SA  

NEXST-1
11.5[m] 10.1174[m2]

MAC 2.754[m] 4.716[m]
X=5.25[m]

40[deg.]
6%  28

440 50
-sweep  8 ReL

2.0 -1.57
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y+ 2  

 29 ADCS
5000

4 3000

 8  
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-sweep-4
ADCS UPACS

ADCS
ADCS  

UPACS
UPACS ADCS

UPACS

 
 

 8 NEXST-1  

Phase  [km] M  [deg.] ReL [million] *T [K] 
-sweep-1 18.940 2.00 -1.57 4.62 206.3 
-sweep-2 18.911 2.04 -0.14 4.86 201.9 
-sweep-3 18.505 2.04 0.71 5.17 202.3 
-sweep-4 18.099 2.03 1.53 5.42 204.1 
-sweep-5 17.684 2.00 2.51 5.64 205.8 
-sweep-6 17.466 1.97 3.44 5.75 205.6 

 

 

 28 NEXST-1  
 
 
 
 
 

CFD解析ソルバー ADCSの開発 51

This document is provided by JAXA.



 

 

1.0E-15

1.0E-14

1.0E-13

1.0E-12

1.0E-11

1.0E-10

1.0E-09

0 1000 2000 3000 4000 5000 6000
Iteration

R
es

id
ua

l

a-sweep-1
a-sweep-2
a-sweep-3
a-sweep-4
a-sweep-5
a-sweep-6

-0.050

0.000

0.050

0.100

0.150

0.200

0.250

0 1000 2000 3000 4000 5000 6000
Iteration

C
L

a-sweep-1 a-sweep-2
a-sweep-3 a-sweep-4
a-sweep-5 a-sweep-6

(a)  (b) CL 

0.000

0.010

0.020

0.030

0.040

0.050

0.060

0 1000 2000 3000 4000 5000 6000
Iteration

C
D

a-sweep-1
a-sweep-2
a-sweep-3
a-sweep-4
a-sweep-5
a-sweep-6

-0.060

-0.050

-0.040

-0.030

-0.020

-0.010

0.000

0.010

0.020

0.030

0 1000 2000 3000 4000 5000 6000
Iteration

C
M

a-sweep-1 a-sweep-2
a-sweep-3 a-sweep-4
a-sweep-5 a-sweep-6

(c) CD (d) CM 
 29 Spalart-Allmaras NEXST-1  

 
 9 NEXST-1 SA -sweep-4 =1.53[deg.]  

 CL CD CD,p CD,f CM L/D 
 0.1020 0.0135 --- --- -0.0302 7.56 

UPACS 0.0915 0.0136 0.0070 0.0066 -0.0273 6.73
ADCS 0.0913 0.0140 0.0070 0.0070 -0.0272 6.50 

 

  

(a) ADCS (b) UPACS 
 30 Cp -sweep-4 =1.53[deg.]  
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SA Weak Shock Case
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(a) Weak Shock Case 

 
(a) Strong Shock Case 
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